Multiple isolations of C. perfringens strains (two to four) were made from 64 (37.4%) of the specimens, and a total of 244 strains were isolated and studied for identifying characteristics. Of the total, only 87 (35.5%) could be identified serologically by a battery of 67 antisera; only 4 (1.6%) possessed the characteristics of the English "food-poisoning type." The hemolytic activity on agar containing horse, ox, or sheep blood showed that 140 (57.1 %) were "hemolytic," 81 (33.1 %) were "nonhemolytic," and 23 (9.8%) gave varied results. Only 12 (4.9%) of the strains produced spores that resisted boiling for 30 min or more.
horse, ox, or sheep blood showed that 140 (57.1 %) were "hemolytic," 81 (33.1 %) were "nonhemolytic," and 23 (9.8%) gave varied results. Only 12 (4.9%) of the strains produced spores that resisted boiling for 30 min or more.
Most public health laboratories discontinued the routine examination of the feces of food handlers, because the number of isolations of salmonellae or shigellae was too low to make such examinations worthwhile. On the other hand, those who have carefully examined human feces for Clostridium perfringens (2, 11, 12) have found that the almost universal occurrence of this organism makes its isolation meaningless, unless some characteristic or group of characteristics identifies particular strains. The frequency of occurrence of enteropathogenic Escherichia coli (EEC) in the feces of food handlers has not been reported, but healthy adults and children have been examined by a number of workers (3, 6) and positive isolations Vol. 14, No. 6 Baton Rouge. Each food handler was given a l-oz (about 30 ml) and a 2-oz screw-capped bottle containing 15 and 30 ml of phenol red-buffered gycerolsaline solution (1), respectively. He was instructed to place approximately 1 g (piece the size of a bean) of feces in the smaller bottle and 2 g (piece the size of a walnut) in the larger bottle. Shortly after collection, the specimens were shipped by bus to the Central Laboratory, where the 2-oz bottles were placed in a cork shipper without refrigeration and sent air mailspecial delivery to the SEC. Tests for salmonellae and shigellae were made upon receipt of specimens at the Central Laboratory; examinations for C. perfringens and EEC were carried out at the SEC the day following receipt of the specimens. Method used to test for salmonellae and shigellae. The specimen was thoroughly mixed with a stirring rod, and a sterile swab was dipped into the mixed specimen and used to streak one MacConkey Agar and one S S Agar plate. With a sterile sleeve, 1-ml and 0.1-ml volumes of the mixed specimen were placed in separate petri dishes, and pour plates were made with Bismuth Sulfite Agar. A 3-ml volume was placed in a tube containing 8 to 10 ml of Tetrathionate Broth and incubated for 24 hr. After incubation, one S S Agar and one Brilliant Green Agar plate were streaked from the enrichment cultures with a 5-mm wire loop. Plates were incubated at 37 C for 24 hr and examined for colonies typical of salmonellae or shigellae.
Method used for C. perfringens. For each sample, 5 ml of the well-mixed specimen was added to the bottom of each of three tubes containing 30 ml of Fluid Thioglycollate Medium that had been steamed for 10 min and cooled in running tap water immediately priorto inoculation. One set of tubes was immediately placed in a water bath (46 C). A second set was heated at 80 C in a water bath for 15 min, cooled immediately in running tap water, and incubated at 37 C. The third set was placed in a boiling-water bath for 1 hr, cooled in running tap water, and similarly incubated.
Isolations were made from these enrichment tubes by streaking one McClung-Toabe egg yolk-agar and one sheep blood-agar plate for each specimen and incubating these anaerobically under 90% Nx-10% CO2 in a Case anaerobic jar. The tubes incubated at 46 C were subcultured within 5 hr (usually 3 to 4 hr if they showed vigorous gassing). The heat-shocked tubes (80 C for 15 min) were subcultured after overnight incubation if they showed gas formation, and the boiled tubes were subcultured as soon as growth was evident. All negative tubes were held for 7 days before being discarded. The plates were removed from the anaerobic jars after 24 hr and examined for types of colonies. At least one colony of every type observed on the two plating media was transferred to a tube containing 10 ml of Fluid Thioglycollate Medium, incubated at 46 C for 3 to 4 hr, and checked for morphology and purity by Gram stain; those containing gram-positive rods were subcultured to nitrate-motility and cookedmeat media (7) . These cultures were incubated for 18 to 24 hr, after which the nitrate-motility tubes were observed for type of growth and tested for the presence of nitrite. The cooked-meat cultures of all strains showing nonmotile growth and reduction of nitrate to nitrite were saved as stock cultures for further study.
Methodfor EEC. A large loopful of the well-mixed specimen in glycerol-saline was streaked on BBL Eosin Methylene Blue Agar (EMB) and incubated at 35 C for 24 hr. Variations of this initial step included the streaking of sheep blood-agar and the inoculation of Brilliant Green Bile 2% in addition to the inoculation of the EMB plates, but since no improvement in recovery was noted with these variations they were not used with all specimens. After incubation, the EMB plates were examined and at least three typical E. coli colonies were transferred to Veal Infusion Agar slants. The growth in these slants was used to determine the indole, methyl red, VogesProskauer, citrate (IMViC) reactions, and all E. coli type I and II (++--and -+--) strains were tested with E. coli OB and 0 antisera.
C. perfringens antisera. The C. perfringens antisera were produced in rabbits either at the SEC (7) or at the Communicable Disease Center, Atlanta, Ga. (CDC). They were combined into five pools of 10 to 17 sera each. The composition of these pools was arbitrarily selected so that pool I contained the heatresistant strains from England and other countries; pool II was primarily composed of food isolates from the United States; pools III and IV were isolates from various sources and had been combined and used in studies at CDC; and pool V contained a mixture of antisera of types A through F. The pools were tested to determine that the combinations did not affect the specificity of agglutination of homologous strains or cause cross-reactions with strains from other pools.
Pool I comprised 17 sera, all type A, including Hobb's heat-resistant types 1 through 13, designated as HRl, HR2, etc., and 3 English isolates and 1 Swedish isolate not related to the above 13 types, designated as Eli, E53, etc. Pool II consisted of 15 sera, all type A, including 8 CDC sera designated PS15, PS17, etc., and 7 SEC sera designated as either S34, S45, or A49, A61, etc. Pool IH contained 11 sera, all type A from CDC and designated PS21, PS22, etc. Pool IV included 14 sera, all type A from CDC and designated as PS38, PS39, etc. Pool V represented 10 sera, 9 from CDC and 1 from SEC including 2 type A, 1 type B, 2 type C, 2 type D, 1 type E, and 2 type F designated as PS49, PS50, etc., with the exception of the SEC serum which was an English type F strain and designated E18.
The control serum was a pool of preimmunization sera from the rabbits used at SEC in the production of the above sera.
Serological tests on C. perfringens. The sera were combined in pools in such a manner that the final dilution of each serum was 1:20. The strains were screened by use of these pools in a slide agglutination test, and then were typed in individual sera diluted 1:20 in formalinized saline. The antigens were prepared as previously described (7), except that the final density was about twice that used for the tube agglutination tests.
VOL. 14, 1966 Other studies. Spore heat resistance, hemolytic activity, and biochemical and cultural characteristics were determined as previously described (7 lecithinase-positive, a single colony was usually picked; the same was true of the sheep bloodagar. If, however, differences in size, lecithinase activity, hemolytic activity, or colony appearance were noted, one of each type was picked. On several occasions, however, apparently identical colonies were found to have different serological, hemolytic, or spore resistance characteristics when more detailed studies were made. On the other hand, colonies of quite different appearance on the isolation plates sometimes gave identical results when subjected to a more critical evaluation. Had a larger number of colonies been picked from each specimen, however, multiple types possibly would have been found in more specimens.
Growth was obtained in all of the tubes from positive specimens incubated at 46 C without heat shock, in 168 of the tubes heated at 80 C for 10 min, and in only 9 of the tubes boiled for 1 hr. Except for the three spec-imens that gave growth only in the tubes incubated at 46 C without heat shock, isolations were made from the heat-shocked and boiled specimens because of the great reduction in contaminating organisms. Many of the tubes boiled for 1 hr yielded growth of aerobic sporeforming bacilli but no anaerobic organisms. Clostridia other than C. petfringens, especially, C. bifermentans, were observed quite frequently in the heat-shocked specimens.
A total of 244 isolates of C. perfringens were obtained from the 171 positive specimens. These isolates were studied for their activity on agar containing horse, ox, and sheep blood, for the heat resistance of their spores, and for their serological reactions in a battery of 67 antisera.
Hemolytic activity. The typical "food-poisoning type" C. perfringens described by English workers is referred to as "nonhemolytic." It does not produce # hemolysis on blood because of an absence of the 45 toxin. This type of C.
perfringens may show no reaction on agar containing horse, ox, or sheep blood, or a zone of partial hemolysis may be observed. Of the 244 strains isolated in this study, 81 Spore heat resistance. Although only nine strains were isolated directly from the boiled specimens, isolates from three other specimens produced spores in sporulation broth that resisted boiling for at least 30 min. Therefore, a total of 12 (4.9%) of the strains were heat-resistant; 7.0% of the positive specimens contained such strains. That the character of spore heat resistance is not always associated with the nonhemolytic type was shown by the fact that three of the heat-resistant strains produced complete (3) or partial and complete hemolysis on all three types of blood-agar.
Serological typing. Ah of the isolates were tested by use of the battery of 67 antisera. Of these, 31 were prepared against "food-related" strains, the 13 "heat-resistant" English strains, and 18 other strains from the United States or Europe. The remaining 36 sera were prepared against strains isolated from soil, wounds, autopsies, or feces. Of the 244 strains isolated in this study, 87 (35.6%) reacted with one or another of these 67 antisera, 22 (9%) reacted with the antisera to the English "heat-resistant" types, and 18 (7.4%) with the antisera prepared against other food-related strains. This gave a total of 40 strains that were "typable" by use of antisera against food-related strains.
Of the 67 antisera used, 28 Similarly, the reactions with PS23, PS55, HR4, and HR8 were scattered over the testing period, with no more than two isolates being obtained from any one group of specimens. We hoped that this study might provide information that would allow us to establish a characteristic or group of characteristics which could be used in the epidemiology of C. perfringens food poisoning. The characteristics studied for this purpose were serological typability, production of heat-resistant spores, and hemolytic activity on mammalian bloods (horse, ox, and sheep). The English have established that a large majority of their outbreaks are caused by strains that react in one or another of the "heatresistant" sera, are "nonhemolytic," and produce heat-resistant spores. This, then, was the first group of characteristics we compared, and we found that only four (1.6%) of our isolates possessed all three characteristics. Since 22 (9.0%) of the isolates reacted with the "heatresistant" antisera, obviously the other characteristics were not necessarily related. Pairs of characteristics were next compared. Eighty-seven strains were identified serologically with the 67 antisera, but only 27 of these were identified by their failure to produce complete hemolysis on the three bloods. In other words, only 11.1% of the isolates were recognized on the basis of these two criteria. Furthermore, only 5 of the 87 strains produced heat-resistant spores (so that 2% of the isolates were recognized by use of these two criteria), and only 9 (3.7%) of the strains had heat-resistant spores and were also nonhemolytic. An examination of the data failed to reveal any significant difference in isolation rate, serological typability, or other characteristics as related to time of isolation (season), or sex or color of the food handlers.
DIscussIoN
The results of this study tend to confirm the opinion that the routine examination of the feces of food handlers for salmonellae and shigellae (2, 11, 12) . The re-examination of specimens or the examination of multiple specimens will, however, bring the isolation rate up to nearly 100% (2, 13) . Since three of the specimens yielded growth of C. perfringens only in the tubes incubated at 46 C without heat shock, the possibility must be considered that some die-off of vegetative cells might occur during shipment if the specimens became severely chilled. Preliminary studies on a few specimens obtained locally indicated that successful isolation after heat shock (80 C for 15 min) could be obtained for at least 4 weeks after the specimens were placed in the transport medium, which indicates that the spore population was little affected by the transport medium itself. The finding that only about onethird of the isolates could be typed with a battery of sera as large as 67 was quite disappointing from an epidemiological viewpoint and indicates that little value can be attached to a routine examination of food handlers. In an outbreak situation, the use of antisera plus other characteristics might be of some use as a research tool, since hemolytic activity, spore heat resistance, and antigen specificity seem to be quite stable characteristics. A central anaerobic laboratory possessing isolates from the food, the patients, the food handlers, and the food-preparation environment could determine a relationship by the preparation of antisera against the isolates. This is, however, too cumbersome for the routine follow-up of an outbreak by most small laboratories.
An interesting finding in this study wais the occurrence of multiple strains of C. perfringens in the feces of a single individual. It 
